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ABSTRACT

The administration of anti-B16 monoclonal antibody of the IgG2b

isotype to mice bearing established B16 melanoma liver mÃ©tastases
caused a significant and consistent reduction of up to 90% in the number
of these mÃ©tastases. No reduction in the number of mÃ©tastaseswas noted
when antigenically unrelated tumor or nonspecific immunoglobulin were
employed. The antibody-mediated antitumor effect was completely ab
rogated by total body irradiation of the host. Treatment of the tumor-

bearing host with antiserum directed against asialo GMi prior to anti B16
antibody administration, abrogated the therapeutic effect indicating the
involvement of a radiosensitive, ASGui-posili ve cell in the tumor regres

sion. The antitumor effect of the antibody treatment could be augmented
by the concomitant administration of recombinant interleukin-2.

The effect seen may have possible application in the treatment of liver
mÃ©tastases in humans by combined immunotherapy using recombinant
interleukin-2 and specific antitumor monoclonal antibodies.

INTRODUCTION

Multiple efforts are underway to use specific antitumor
monoclonal antibodies for the immunotherapy of established
cancer (1-7). The most straightforward application of this
approach is the administration of antibody alone without fur
ther modification (1-4). In this approach, antibodies may di
rectly react with target cells and mediate tumor destruction by
binding complement, or via effector cells by ADCC2 response

(8, 9).
Although murine lymphoid cells exhibit less ADCC than

human cells (9), a number of investigators were able to dem
onstrate this phenomenon in a murine system. Bast et al.
demonstrated the prolonged survival of mice bearing ovarian
carcinoma growing in the peritoneal cavity by using specific
heteroantiserum in mice pretreated with Corynebacterium par-
viim (10). Similar studies in mice bearing the spontaneous
mammary adenocarcinoma cell line AD755a (11), correlated
successful therapy with the ability of cells taken from peritoneal
exÃºdate to mediate ADCC in vitro (12). These cells exhibited
phenotypic properties characteristic of NK cells but not T-cells.
In addition, their ability to mediate ADCC with both murine
IgG2a and IgG2b antibody isotypes indicated that a macro
phage was unlikely to be involved in this phenomenon (11, 12).

Several groups have shown that the liver is enriched with NK
cells (13, 14), which bear Fc receptors (15) and have the
potential to mediate ADCC (16-18). It has been postulated
that these cells contribute to resistance to the development of
experimental mÃ©tastasesin the liver (19).

In the studies reported here we tested the use of specific
monoclonal antibodies for the treatment of established hepatic
mÃ©tastasesfrom the B16 melanoma. We selected the B16
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melanoma because of our ability to reproducibly induce liver
mÃ©tastasesfrom this tumor in syngeneic mice (20) and because
of the availability of a monoclonal antibody with unique reac
tivity to fresh B16 melanoma cells.3 In addition, we have

recently demonstrated that this antibody, of the IgG2b isotype,
could mediate ADCC reactions against fresh B16 melanoma
cells using LAK effector cells (21). Our results demonstrate
that established B16 melanoma liver mÃ©tastasescould be sig
nificantly reduced by treatment with anti B16 melanoma mono
clonal antibody and that this therapeutic effect could be further
enhanced by the administration of RIL2.

MATERIALS AND METHODS

Animals. C57BL/6 female mice were obtained from the small animal
section, Veterinary Resources Branch, NIH, Bethesda, MD, and were
used when they were 8-12 weeks old.

Tumors. Weakly immunogenic (22) B16 melanoma tumor cells syn
geneic to the C57BL/6 mouse (23), were obtained from Dr. A. Ovejera
of Frederick Cancer Research Center, Frederick, MD. MCA-38 is a
murine adenocarcinoma syngeneic to the C57BL/6 mouse, and was
induced by i.m. injection of 0.1 ml of 1% 3-methylcholanthrene in
sesame seed oil as previously described (24). The tumors were serially
transplanted in syngeneic mice.

Antibodies. Anti-Bl6 monoclonal antibodies of the IgG2b isotype
were produced in asdics from mouse hybridoma cells kindly supplied
by Dr. Tsuyoshi Takami, Department of Pathology, Sapporo Medical
College, Sapporo, Japan, and were purified on a Sepharose A column.
The specificity of the anti-B16 monoclonal antibody was confirmed by
reacting the antibody with different cells including fresh tumor, cultured
cell lines, and cells from various normal tissues. MOPC 141 purified
mouse myeloma protein of the IgG2b isotype was obtained from Litton
Bionetics, Inc., Charleston, SC.

Preparation of Single Cell Suspensions from Solid Tumors. Single cell
suspensions of fresh tumor cells were prepared as previously described
(20). Briefly, a s.c. tumor was excised sharply, minced with scissors
into fragments 1 to 2 mm in size and stirred in a triple enzyme mixture
of hyaluronidase, deoxyribonuclease, and collage-nasi; (Sigma Chemical
Co., St Louis, MO) for 30-60 min. The suspension was then collected,
passed through 100-gauge nylon mesh (Nitex), washed three times with
HBSS without calcium or magnesium and resuspended at the appro
priate cell concentration for intrasplenic administration.

Induction of Liver MÃ©tastases.Liver mÃ©tastaseswere induced as
previously described (20). Briefly, C57BL/6 mice were anesthetized
with sodium pentobarbitul. 0.15 ml given i.p. from a stock solution
made of 6 grains of Somnifer (Richmond Veterinary Supply Co.,
Richmond, VA) in 40 ml of phosphate buffered saline. Under general
anesthesia, the mouse was positioned in the right lateral decubitus
position on a board. The skin was washed with 70% ethanol, and a 1-
cm incision made laterally in the left subcostal region. The spleen was
delivered into the wound, and the short gastric vessels and gastrosplenic
ligament divided, leaving the spleen attached by the vascular pedicle.
One ml of tumor cell suspension was injected under the splenic capsule
through a 27-gauge needle. After 1 min, allowing tumor cells to be
flushed into the portal circulation, a single hemoclip was placed across
the vascular pedicle, and the spleen excised. After replacing the splenic
vessels in the abdomen, it was closed in one layer with clips.

3Tsuyoshi Takami, Utenti ficai inn and characterization of mouse B16 mela

noma antigens by monoclonal antibodies, Department of Pathology, Sapporo
Medical College, Sapporo, Japan, manuscript in preparation.
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Enumeration of Liver MÃ©tastases.The procedure for enumerating
liver mÃ©tastaseshas been described previously (20). Black nodules of
B16 melanoma could easily be identified on the surface of the excised
liver. To identify mÃ©tastasesfrom the MCA-38 tumor, 0.5 ml of 15%
India Ink was injected systemically through the tail vein. The mouse
was sacrificed 1 min later by cervical dislocation, by which time there
was uptake of ink by the liver. The liver was removed and placed in a
flask containing Fekete's solution, which bleaches the tumor nodules

allowing tumor deposits to appear as discrete white nodules against a
black background of normal liver parenchyma. The number of liver
mÃ©tastaseswas determined in a blinded fashion on ear-tagged mice
without knowledge of the prior treatment of that animal.

Anti-ASGiviiTreatment. Multiple lots of rabbit antisera reactive with
the asinini i\,i antigen were obtained from Wako Pure Chemical Indus
tries and screened to select an antisera capable of the in vitro elimination
of NK splenic activity without affecting the ability to generate allo
cytotoxic T-lymphocytes from splenocytes. One half ml of a 1:50
dilution of this antiserum in HBSS was injected into the tail vein 24 h
prior to treatment of mice with anti-B16 monoclonal antibody.

Flow Microfluorimetric Analysis. The specificity of monoclonal an
tibody binding to B16 melanoma cells was determined using a second
FITC-conjugated goat anti-mouse F(ab)'2 fragment (Boehringer Mann

heim Biochemicals, IN). Control samples were stained with a second
FITC-conjugated antibody only. After 45 min on ice, cells were washed
three times and analyzed on a Becton-Dickinson fluorescein-activated
cell sorter 440 flow cytometer (Mountain View, CA).

Irradiation. Mice were given 5 Gy whole body irradiation from a
137Cs source (Gammacell 40, Atomic Energy Canada Limited) 1 to 2
h prior to tumor innoculation.

Recombinant Interleukin-2. Recombinant human IL2 produced in
EscherÃ¬chiacoli, purified to homogeneity as recently described (25),
was kindly provided by the Cetus Corporation (Emeryville, CA) and
had a specific activity of 3-4 x IO6units/mg. One Cetus unit has equal
potency to 2-3 Biological Response Modifier Program standard IL2
units. The lyophilized preparation was reconstituted with distilled water
and contained 5% mannitol, 131 ng/m\ of sodium dodecyl sulfate and
less than 0.1 ng of endotoxin per IO6 units of RIL2 as measured in a

standard limulus assay.
Statistical Analysis. The significance of differences in numbers of

liver mÃ©tastasesamong groups was determined by the Wilcoxon Rank
Sum test (26). Two-tailed /"-values are presented for all experiments.

RESULTS

Specificity of B16 Melanoma Monoclonal Antibody. Anti-B16
monoclonal antibody of the IgG2b isotype was previously found
to specifically bind to B16 melanoma cells when tested against
a variety of cultured tumor cell lines.3 We further tested the
antibody specificity on fresh B16 melanoma cells and MCA-
38, an adenocarcinoma antigenically unrelated to B16 mela
noma. Fresh tumor cells were incubated for 45 min with anti-

Bio monoclonal antibody followed by incubation with a goat
anti-mouse FITC-labeled antibody. The results based on the
fluorescence intensity are illustrated in Fig. 1. The anti-B16
monoclonal antibody reacted strongly with B16 melanoma
cells. There was no increased reactivity with MCA-38 tumor
cells compared to controls. Similarly, no binding of the anti-
Bio antibody was observed when tested with freshly isolated
cells from different normal murine tissues (data not shown).
We then studied the possible effect of specific anti-B16 mela
noma antibody on established liver mÃ©tastases.

The Effect of Anti-B16 Melanoma Monoclonal Antibody on
Established B16 Melanoma Liver MÃ©tastases.Anti-B 16 mela
noma monoclonal antibody was administered to mice bearing
day 4 syngeneic B16 melanoma liver mÃ©tastasesinduced by
intrasplenic injection of 5 x IO5 cells as described above. On

days 4 and 7 following tumor innoculation, mice received the
i.v. injection of 1 mg of anti-B16 monoclonal antibody. On day

A

.-A
Log Fluorescence ^^

Fig. I. Specificity of anti-B16 monoclonal antibody binding to B16 melanoma
cells. IO6 B16 melanoma or MCA38 prepared as described previously were
incubated with 10 /jg of anti-B16 monoclonal antibody for 45 min at 4Â°C.A
second FITC-conjugated goat anti-mouse F(ab')2 fragment was then added. A,

B16 tumor cells alone; B, B16 tumor cells + second FITC antibody; C, B16
tumor cells and anti B16 monoclonal antibody + second FITC antibody; D,
MCA38 tumor cells alone; Â£,MCA38 tumor cells + second FITC antibody; F,
MCA38 tumor cells and anti B16 monoclonal antibody + second FITC antibody.

Table 1 Effect ofanli-B16 melanoma monoclonal antibody on the number of
established B16 melanoma liver mÃ©tastases

Syngeneic B16 melanoma liver mÃ©tastaseswere induced by intrasplenic injec
tion of 5 x 10' cells. On days 4 and 7 after tumor inoculation, anti-BlÃ©melanoma
monoclonal antibody was administered i.v.; on day 14 the livers were harvested
and the number of mÃ©tastasesenumerated.

Treatment

Exp.no.123456789HBSS158.4(21.4)''188.8

(19.4)164.8(27.0)237.5(11.4)135.3(30.6)86.6(17.5)250.0

(0.0)94.0
(29.6)250.0

(0.0)Antibody"52.2

(8.5)15.0(3.7)31.0(7.2)46.3(9.1)15.4(4.2)23.0

(5.0)101.0(29.7)20.6

(7.3)116.5(22.6)%

Reduction*679281818973607854f<0.005<0.005<0.005<0.005<0.01<0.01<0.01<0.05<0.005

"Total of 2 mg of anti B16 melanoma monoclonal antibody was given in 2

injections except in Expt 3 where 1.2 mg was given.
* Per cent reduction in number of liver mÃ©tastasescompared to control mice

treated with HBSS.
' /'-value as described in Materials and Methods section.
* Mean, for six mice in each group, Â±SE.

14 the liver was harvested and the number of B16 melanoma
mÃ©tastaseswas enumerated. Nine consecutive experiments are
shown in Table 1. A significant reduction in number of mÃ©tas
tases was found when mice were treated with the specific
antibody as compared to control animals treated with HBSS.
The reduction in the number of liver mÃ©tastasesvaried from 54
to 92% in different experiments and was significant when
compared to control groups in all experiments.

Specificity of the Therapeutic Effect of Anii-B 16 Monoclonal
Antibody on B16 Melanoma Liver MÃ©tastases.To evaluate the
specificity of the effect of anti-B16 monoclonal antibody on
liver mÃ©tastases,mice with established B16 melanoma were
treated with either specific anti-B16 monoclonal antibody or
with MOPC purified mouse immunoglobulin sharing the same
IgG2b isotype as the specific antibody. As shown in Table 2,
the anti-B16 monoclonal antibody significantly reduced the
number of liver mÃ©tastaseswhile in the same experiment,
treatment with the irrelevant immunoglobulin had no effect.
To test the possibility that the anti-B16 antibody had a nonspe
cific effect on tumor cells, we also administered anti-B16 mono-
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EFFECT OF MONOCLONAL ANTIBODY ON MURINE LIVER METASTASES

serum showed a significant reduction in the number of liver
mÃ©tastasesfollowing antibody treatment.

Synergistic Effect of Anti-B16 Monoclonal Antibody and RIL2
on B16 Melanoma Liver MÃ©tastases.We have recently demon
strated that murine splenocytes cultured in the presence of
RIL2 gained the ability to mediate ADCC against a variety of
cells including B16 melanoma (21). This effect, similar to that
observed in vivo, was completely abrogated when the spleen
cells were pretreated with anti-ASGMi and C' prior to culture

in the presence of RIL2 (21).
We therefore tested the possibility that RIL2 might enhance

the effect of the ami HI 6 melanoma monoclonal antibody on
liver mÃ©tastases.Mice received the combined administration of
anti-B 16 monoclonal antibody and RIL2 given three times daily
for S days after the first antibody treatment. As illustrated in
Table 4, there was a synergistic effect of anti-B 16 melanoma
antibody and RIL2 on the reduction of liver mÃ©tastases.The
effect was significant when 25,000 units of RIL2 were admin
istered at each dose of antibody. The synergistic effect was more
pronounced when suboptimal (1.0-mg) doses of antibody were
employed (Exp. 3). At this dose of antibody there was a 77 and
70% reduction in the number of mÃ©tastaseswhen compared to
treatment with RIL2 and anti-B 16 antibody given alone, re

spectively.

DISCUSSION

The liver is frequently a site of mÃ©tastasesfrom distant
primary tumors. To study the therapy of hepatic mÃ©tastaseswe
developed a technique for the reproducible induction of exper
imental hepatic mÃ©tastasesin mice (20). Using this model we
have previously demonstrated that therapy with LAK cells and
IL-2 could reduce the number of established liver mÃ©tastases
from a variety of experimental tumors. Based on the findings
that the liver is enriched with cells capable of mediating ADCC
(13, 14), we have now tested whether therapy with a specific
antitumor antibody could mediate the eradication of established
liver mÃ©tastases.

In our studies we used anti-B 16 melanoma monoclonal an
tibody of the IgG2b isotype which bound specifically to B16
melanoma cells (Fig. 1). ' Using this monoclonal antibody, we

were able to demonstrate a significant and consistent effect of
antibody administration on established B16 melanoma liver
mÃ©tastases.The effect was dose dependent; 2 mg was effective
in reducing the number of liver mÃ©tastases,whereas lower doses
had less or no significant effect. In studies performed by others,

Table 4 Synergistic effect ofanti B16 melanoma monoclonal antibody ana RIL2
on BI6 melanoma liver mÃ©tastases

Anti-B 16 melanoma monoclonal antibody was administered to mice bearing
liver mÃ©tastaseson days 4 and 7 after tumor inoculation. RIL-2 was given three
times daily from days 4 to 9 after tumor inoculation.

Number of MÃ©tastases,Mean (Â±SE)"BBSS

Anti-B 16 antibody"

25K RIL2
Anti-B 16 + 25K RIL2Expl86.6(17.5)

23.0 (5.0)
61.6(25.1)

6.2 (2.6)''Exp

2164.8

(27.0)
31.0(7.2)c

154.0(20.6)
6.8 (1.9)'Exp

3188.8(19.4)

111.5(12.4)
144.0(5.8)33.5(11.1)''

" Mean number of liver mÃ©tastasesin a group of six mice.
'The following total amount of anti-B 16 antibody was given in two injections:

Exp. 1, 2 mg; Exp. 2, 1.2 mg; Exp. 3, 1 mg.
' P < 0.005 compared to HBSS-treated group.
4P<O.Ql compared to 25K RIL2 group, and P< 0.05 compared toanti-B16

alone group.
*P< 0.01 compared to RIL2 alone and P< 0.01 compared to anti-B16 alone.
//' < 0.005 compared to RIL2 alone and /' < 0.01 compared to antibody

alone.

nude mice bearing s.c. M21 human melanoma showed partial
response to the administration of specific anti-M21 melanoma
monoclonal antibody, only when given 240 /Â¿gstarting 1 day
after tumor innoculation (8). Similar treatment of a 14-day-old
tumor showed no effect of antibody given alone (18). Others
using ascites murine adenocarcinoma and ovarian carcinoma
failed to show a significant effect of antibody when given alone
(10,11). However, these latter experiments used hyperimmune
antisera and it is difficult to compare the dose of antibody used
with the doses in our studies.

One of the main questions posed by our results concerned
the mechanism of this antibody dependent therapeutic effect.
The effect appeared to be specific for the B16 melanoma, since
anti-B 16 antibody had no effect on established MCA-38 liver
mÃ©tastases.Moreover, the results demonstrating that irradia
tion of the mice prior to tumor innoculation and antibody
treatment completely abrogated the antibody mediated effect
suggested the participation of a host cellular component. These
results differed from those described by others in which anti-
B16 monoclonal antibody of the IgG2a isotype reduced the
number of established B16 melanoma pulmonary mÃ©tastases
by a direct effect on the tumor and without the participation of
host cellular components (28).

The liver has been shown to be enriched with macrophage-
like as well as NK cells (13). Both cell types exhibit Fc receptors
(15, 29), and are known to mediate ADCC (9, 16, 29). The
radiosensitivity of the antibody-dependent effect we observed
suggested that a macrophage, which is relatively radioresistant
(27), was not involved. In addition, murine macrophages me
diate ADCC in culture exclusively with IgG2a and not IgG2b
antibodies (30). In contrast, NK-like cells are relatively radi
osensitive (16) and can exhibit ADCC activity with IgG2b
isotype antibodies (11, 12).

In the studies reported here we have shown that treatment of
mice with anti-ASGMi serum, which can deplete NK cells and
LAK precursor cells both in vivo (14, 31, 32) and in vitro (31,
33), completely abrogated the therapeutic effect of anti-B 16
antibody on the number of liver mÃ©tastases(Table 3). Similar
to the results of others (18,19), this suggested the participation
of lymphoid cells in the phenomenon. However, the ASGMi
glycolipid is expressed on alloreactive cytotoxic T-lymphocytes
(34, 35) and in our experiments, administration of anti-ASGMi
in vivo interfered with NK activity and the induction of LAK
cells, and also with the generation of allo cytotoxic thymus-
derived lymphocytes from splenocytes (data not shown). This
anti-ASGMi sera did not inhibit the generation of allo-cytotoxic
thymus-derived lymphocytes when treatment was performed in
vitro. Thus it is possible that a cytotoxic T-lymphocyte could
mediate the anti-B 16 antibody effect on liver mÃ©tastases.How
ever, we consider this possibility unlikely for several reasons.
First, the B16 melanoma is a weakly immunogenic tumor (22),
thus the ability to generate specific cytotoxic T-lymphocytes in
a relatively short period without any preactivation or sensiti-
zation seems unlikely. Second, in contrast to the ability of
murine macrophages and NK/LAK cells to mediate ADCC,
cytotoxic T-cells have not been shown to exhibit this potential
(36, 37). Recently, we have demonstrated that administration
of anti-B 16 monoclonal antibody can reduce established B16
melanoma liver mÃ©tastasesin nude mice, (data not shown). We
have therefore postulated that an NK/LAK precursor partici
pates in the antibody-mediated reduction of liver mÃ©tastases,
although further studies are needed to reveal the nature of the
ASGMi-positive cells that mediate this antitumor effect of the
anti-B 16 melanoma antibody.
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16.

19.

20.

Our finding that an ASGMi-positive cell was involved in the 8
anti-B16 melanoma antibody mediated effect on liver mÃ©tas
tases is compatible with that observed by others (11) using other 9.
tumors. In these studies, injection of hyperimmune serum into (0
C. parvum-treated mice affected the growth of an adenocarci-

noma (AD755a), which was in the peritoneal cavity. The cells
responsible for this effect were demonstrated to be nonadherent ,,
ASGivii-positive Thy 1.2-positive cells (12, 14). We have previ
ously demonstrated that murine LAK cells are generated from
ASGMi-positive, Thy 1.2-negative splenocytes cultured in the
presence of RIL2 but that the lytic effector cells bear Thy 1.2 12
(29). In addition, we have recently demonstrated that murine
LAK cells were able to mediate ADCC in vitro when specific
antibodies, including anti-B 16 melanoma monoclonal antibody, '3
were employed (21). However, whereas ADCC could be medi- 14
ated by IL-2 generated LAK cells, the ADCC response was
completely absent in fresh murine splenocytes (21).

Similar to the results obtained in generating ADCC in cui- J5
ture, our results demonstrated that the effect of anti-B 16 mel
anoma monoclonal antibody could be further enhanced with
the concomitant administration of RIL2. We have recently
noted that the administration of RIL2 to tumor-free mice
induced cells in the liver capable of mediating both lysis of NK- ,7
sensitive YAC cells, and ADCC.4 Taken together, these findings
suggest that RIL2 may have augmented the anti-B16 monoclo
nal antibody-mediated response by activating resident ASGMi-
positive cells in the liver, although the possibility that this
treatment caused the migration of such cells into the liver could
not be excluded. Further studies to determine the nature of
such cells in the liver, as well as in other organs in RIL2 treated
mice are in progress.

Finally, to the best of our knowledge this is the first report
where induced liver mÃ©tastaseshave been successfully treated 21

with antitumor monoclonal antibody and that the addition of
RIL2 further increased this effect. Although, we have previously 22
reported the successful immunotherapy of hepatic mÃ©tastases
using LAK cells and RIL2 in mice and in humans (38-40) the 23
relatively greater ability of antibody to circulate and reach
various tumor sites and the findings that LAK cells are capable
of mediating ADCC in culture, may make such treatment alone
or in combination with LAK therapy advantageous.
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